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Introduction: For a linear time-invariant (LTI) system,
the output y(t) corresponding to an arbitrary input f(t) is
determined by the impulse response function h(t). Accu-
rate determination of h(t) is obviously desirable. However,
the accuracy of the estimate for h(t) is dependent on the
nature of f(t). We consider how to select the input stimulus
function f(t) in order to obtain the most accurate estimate
for the impulse response function (IRF).

Deconvolution of fMRI Time Series Data: For an
LTI system, the output y(t) is related to the input f(t)
through the convolution integral (1):
¢
y(t) = [; F(r)h(t = 7)dr.

Assuming that the IRF is essentially zero for time lags
greater than p, this is approximated by:

Yn = Z,’;.=o fn—mhmy n2p.

For fMRI data, the measurement will be modeled by a con-
stant plus linear trend plus noise, in addition to the signal:

Zn = ﬂo -+ ﬂln + hofn + hlfn-l R o hpfn—P +En,

or, in matrix notation: Z = XB + €, where 8 =
Bo B1 ho ... hy)¥, and e, S N(0,02). The linear regres-
sion problem is to estimate b = fi by minimizing the error
sum of squares between the data Z and the fit Z = Xb:

SSE o (2-2) = (z-2) (z-12)
b = (XtX)' X!z

Error Analysis: For the above linear regression model,
:he variance-covariance matrix for the regression coeffi-
sients is given by (2):

SSE -
N—2p—2'(xx)

T'he std. dev. for the kth IRF coefficient is s(hy) = square
‘oot of the corresponding diagonal element of the s?(b)
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matrix. Assuming constant error variance o?, the accu-
racy for the IRF estimate is determined by the structure
of the experimental design matrix X, which depends on
f(t). This allows different candidate functions f(t) to be
evaluated numerically, prior to the fMRI experiment, for
optimum estimation accuracy, as indicated in Figure 1.

Experimental Results: The subject performed the al-
ternating finger tapping paradigm. Results for a particular
voxel using a block design stimulus are presented in Figure
2, and for the same voxel using a random binary stimu-
lus are presented in Figure 3. These results are typical for
those voxels where activation was detected, and is consis-

tent with the above numerical analysis.
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Figure 2. Block Design (20 sec. ON, 20 sec. OFF)

Random Binary Stimulus Function
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Figure 3. Random Binary (p(ON) = p(OFF) = 0.5)

Conclusion: Both numerical and experimental results in-
dicate that proper design of the input stimulus function is
critically important in obtaining an accurate estimate of
the system impulse response function.
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